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REACTIVE FUNCTIONAL GROUPS FOR 
PREPARATION OF MODIFIED NUCLEIC 

ACID 

The present Application claims priority to Us. Provi 
sional Application Ser. No. 60/438,252, ?led Jan. 6, 2003, 
Which is incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to compositions and meth 
ods for the preparation of modi?ed nucleic acids. In par 
ticular, the present invention provides novel reagents and 
chemistries for the generation of linkers and modi?ed phos 
phoramidates. 

BACKGROUND 

Oligonucleotides are important materials for research, 
diagnostic, therapeutic and other purposes. An ever-groWing 
demand for improved oligonucleotides, oligonucleotide ana 
logs and for methods for their preparation and use has arisen. 
Modi?ed oligonucleotides are of particular value in 

molecular biological applications. For example, modi?ed 
oligonucleotides (e.g., oligonucleotides comprising moieties 
that are detectable, or that confer altered hybridization 
properties), ?nd use in diverse areas, e.g., as aids in molecu 
lar biology, as pharmaceutical compounds, or as diagnostic 
agents. Modi?ed oligonucleotides that can block RNA trans 
lation are useful as inhibitors of gene expression (e.g., as 
antisense oligonucleotides, small interfering RNAs (siR 
NAs), microRNAs (miRNAs), riboZymes, sense oligonucle 
otides and triplex-forming oligonucleotides). 

The discovery of the phosphoramidite method for auto 
mated synthesis of natural and modi?ed DNA molecules 
(Letsinger and Lunsdorf(l976) J. Am. Chem. Soc. 98:3655 
3661; Caruthers et al., (1987) Methods EnZymol. 154:287 
313; Beaucage and Iyer (1992) Tetrahedron, 48: 2223-2311; 
Protocols for Oligonucleotides and Analogs. Methods in 
Molecular Biology, Vol 20, Edited by Sudhir Agraval, 
Humana Press 1993) has stimulated the development of 
numerous reagents and methods to introduce speci?c modi 
?cations or functional groups at selected positions Within 
synthesized oligonucleotides (GuZayev et al., (1995) Tetra 
hedron 51, 9375-9384; Matray et al., (1997) Bioconjugate 
Chem. 8:99-102; Lyttle et al., (1997) Bioconjugate Chem. 
8:193-198). 

In some applications it is desirable to label or tag oligo 
nucleotides, (e.g., attach a dye or another functional moiety). 
Some phosphoramidite reagents comprising tags or labels 
are commercially available. HoWever, escalating interest in 
the use of modi?ed synthetic oligonucleotides in the disci 
plines of biology, medicine, and biotechnology (Agraval and 
Iyer (1999) Curr. Opin. Biotechnol. 6:12-19; Delivery Strat 
egies for Antisense Oligonucleotide Therapeutics. Ed. 
Saghir Akhtar, CRC Press, 1995; Matysiak et al., (1997) 
Nucleosides & Nucleotides 16:855-861; Zhao et al., (2001) 
Nucleic Acids Res. 29:955-959) has intensi?ed the need for 
less expensive and more broadly applicable labeling 
reagents. Some efforts have been focused on the develop 
ment of strategies for the preparation of oligonucleotides 
that can be conjugated With other molecules and biological 
moieties, or attached to solid surfaces post-synthetically 
(i.e., after synthesis of the oligonucleotide). Some strategies 
for post-synthetic labeling have made use of synthesis 
reagents that produce oligonucleotides comprising one or 
more reactive amine groups or reactive thiol groups. While 
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2 
these reagents are useful in many applications, there remains 
a need for ef?cient and cost effective compositions and 
methods for modifying and conjugating oligonucleotides. 

SUMMARY OF THE INVENTION 

The present invention relates to compositions and meth 
ods for the preparation of modi?ed nucleic acids. In par 
ticular, the present invention provides novel reagents and 
chemistries for the generation of linkers and modi?ed phos 
phoramidates. In some preferred embodiments, the compo 
sitions of the present invention ?nd use in the synthesis of 
oligonucleotides comprising one or more reactive functional 

groups. 

Accordingly, in some embodiments, the present invention 
provides a composition comprising: 

OAc 

In other embodiments, the present invention provides a 
modi?ed synthesis support, (e.g., CPG® (controlled pore 
glass)) comprising the composition. In yet other embodi 
ments, the present invention provides a modi?ed phosphora 
midite comprising the composition. 

The present invention further provides a composition 
comprising a nucleic acid comprising the structure: 

The present invention additionally provides a composi 
tion comprising a nucleic acid comprising the structure: 

(5')HO-Nucleic Acid A)iP(O2)A)i(CH2)6%H2i 
NH-R. 

In some embodiments, R is a label. In some embodiments, 
the label is selected from the group including, but not limited 
to, ?uorescent labels, chemiluminescent labels, and enZy 
matically reactive labels. In other embodiments, R is a 
biological molecule. 

The present invention also provides a composition com 
prising a phosphoramidite comprising the structure: 

OAc OCE 

In some embodiments, R is selected from the group includ 
ing, but not limited to, C6Hl2 and polyethylene glycol 3400. 
In some embodiments, R is a label. In some embodiments, 
the label is selected from the group including, but not limited 
to, ?uorescent labels, chemiluminescent labels, and enZy 
matically reactive labels. In some embodiments, R is a 
biological molecule. 
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In yet other embodiments, the present invention provides 
a composition comprising the structure: 

In some embodiments, R is a label. In some embodiments, 
the label is selected from the group including, but not limited 
to, ?uorescent labels, chemiluminescent labels, and enZy 
matically reactive labels. In some embodiments, R is a 
biological molecule. 

In still further embodiments, the present invention pro 
vides a composition comprising a nucleic acid comprising a 
structure selected from the group consisting of: 

(3')OH-nucleic acid-OiP(O2)4O4C6Hl 2iNH4C(O)i 
(CH2)7%H(OH)%H(OH)i(CH2)6AD-DMT 
(3')OH-nucleic acid-OiP(O2)4OiC6Hl2iNHi(O) 
Ci(CH2)7iCH(OH)%H(OH)i(CH2)6iOiP 
(O2)iOiRiOH 

and 

(3')OH-nucleic acid-OiP(O2)4OiC6H 1 2iNHi(O) 

(O2)4O-nucleic acid-OiP(O2)-FAM 
In some embodiments, R is Cl2H25. 

In some embodiments, the present invention provides a 
kit comprising a nucleic acid labeling reagent selected from 
the group consisting of: 

OAO OCE 

//O 
O_ H 

In some embodiments, R1 is selected from the group includ 
ing, but not limited to, C6Hl2 and polyethylene glycol 3400. 
In some embodiments, R1, R2 and R3 are labels. In some 
embodiments, the labels are selected from the group includ 
ing, but not limited to, ?uorescent labels, chemiluminescent 
labels, and enZymatically reactive labels. In other embodi 
ments, R1, R2 and R3 are biological molecules. In some 
embodiments, R3 is C12H25. 

20 

25 

35 

40 

45 

50 

55 

60 

65 

4 
The present invention further provides a method of label 

ing nucleic acids, comprising providing a nucleic acid 
labeling reagent selected from the group consisting of: 

OAc 

| 
OAc O 

and contacting the nucleic acid labeling reagent With a 
nucleic acid under conditions such that the nucleic acid 
labeling reagent is covalently linked to the nucleic acid. In 
some embodiments, the nucleic acid labeling reagent is 
attached to a CPG. In other embodiments, the nucleic acid 
labeling reagent is attached to a second nucleic acid. In still 
further embodiments, the nucleic acid labeling reagent is 
attached to a solid support. In some embodiments, the solid 
support comprises an array of the nucleic acid labeling 
reagents. In some embodiments, the nucleic acid is an 
oligonucleotide. In some embodiments, R1 is selected from 
the group including, but not limited to, C6Hl2 and polyeth 
ylene glycol 3400. In some embodiments, R1, R2 and R3 are 
labels. In some embodiments, the labels are selected from 
the group including, but not limited to, ?uorescent labels, 
chemiluminescent labels, and enZymatically reactive labels. 
In other embodiments, R1, R2 and R3 are biological mol 
ecules. In some embodiments, R3 is CIZHZS. 

DESCRIPTION OF THE FIGURES 

FIG. 1 shoWs the structure of aleuritic acid 1. 
FIG. 2 shoWs steps in the synthesis of the NHS ester of the 

selectively protected aleuritic acid 3a. 
FIG. 3 shoWs steps in the preparation of the aleuritic acid 

CPG 6. 
FIG. 4 shoWs the structure of the dT dinucleotide 7 (n:2), 

modi?ed at its 3'-end With the aleuritic acid moiety. 
FIG. 5(A) shoWs RP HPLC of the crude unmodi?ed dT2O 

cleaved from the solid support With concentrated ammonia. 
FIG. 5(B) shoWs RP HPLC of the 3'-modi?ed probe 7 

(n:20) cleaved from the solid support 6 With a solution of 
80% methanol/20% 0.2M NaOH/H2O for 3 hours at 55° C. 

FIG. 6 shoWs sodium periodate oxidation of the aleuritic 
acid moiety attached to the 3'-loci of the probes 7 (n:2, 10, 
20). 
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FIG. 7 shows RP HPLC analysis of the 3'-aleuritic acid 
labeled probes 7, (A) compound 7 (n:l0); (C) compound 7 
(n:20); and the RP HPLC analysis of the crude product of 
their oxidation With sodium periodate after 5 min (B) 
compound 8, (n:l0); (D) compound 8, (n:20). 

FIG. 8 shoWs a schematic of reductive amination coupling 
reaction of the 3'-aldehyde labeled probe 8(n:l0) to 4,7, 
10,-trioxa-l,l3-tridecanediamine and l-pyrene methy 
lamine. 

FIG. 9 shoWs a schematic of the synthesis of the phos 
phoramidites 11a and 11b. 

FIG. 10 shoWs a schematic of the synthesis of the 5'-al 
dehyde modi?ed DNA probes 13a and 13b. 

FIG. 11 shoWs a schematic of the reductive amination 
coupling of the 5'-aldehyde modi?ed probe 13a to the 
bis-(3-aminopropyl)terminated polytetrahydroduran 14. 

FIG. 12 shoWs the structures of synthesiZed compounds 
l6, l7 and 18. 

FIG. 13 shoWs a schematic of the preparation of the 
5'-aldehyde modi?ed probe 13a via sodium periodate oxi 
dation of the 5'-aleuritic acid modi?ed probe 17 absorbed on 
the Cl8-OPC cartridge. 

FIG. 14 shoWs the results of RP HPLC analysis of the 
material 13a eluted from the Cl8-OPC column. 

DEFINITIONS 

As used herein, the terms “X, Y, R1 and R2” refer to any 
atom or molecule attached to another molecule (e.g., a 
reagent of the present invention), unless speci?cally identi 
?ed otherWise. 
As used herein, the term “reactive functional group” 

refers to any atom or group of atoms that can be reacted to 
form a chemical bond With an atom or group of atoms that 
are not part of the reactive functional group (e.g., to form a 
covalent bond With a nucleic acid or surface). 
As used herein, the term “nucleic acid labeling reagent” 

refers to any reagent that is used to introduce a modi?cation 
(e.g., a reactive functional group or a label) into a nucleic 
acid (e.g., an oligonucleotide). In some embodiments, 
nucleic acid labeling reagents comprise the aleuritic acid 
derivatives of the present invention. In some embodiments 
nucleic acid labeling reagents include, but are not limited to, 
modi?ed synthesis solid supports, modi?ed phosphoramid 
ites, and modi?ed linkers. The nucleic acid labeling reagents 
of the present invention may be used to introduce any 
desired modi?cation (e.g., including, but not limited to, 
labels as de?ned beloW, reactive functional groups, supports 
and biological molecules) into or onto a nucleic acid. In 
some embodiments of the present invention a nucleic acid 
labeling reagent is covalently linked to a nucleic acid. In 
some embodiments, a nucleic acid labeling reagent may 
undergo chemical reaction comprising loss of an atom or 
side group (e.g., H, or OH groups), or other minor alteration 
in composition as a result of the linkage reaction. The use of 
the term “nucleic acid labeling reagent” is intended to 
include the forms of the reagent both before and after any 
such changes caused by the covalent linkage to a nucleic 
acid. 

The term “label” as used herein refers to any atom or 
molecule that can be used to provide a detectable effect, and 
that can be attached to a nucleic acid or protein. Labels 
include but are not limited to dyes such as ?uorescein, 
CASCADE BLUE, hexachloro-?uorescein, tetrachloro 
?uorescein, TAMRA, ROX, VIC, JOE, Cy3, Cy3.5, Cy5, 
Cy5.5, 4,4-di?uoro-5,7-diphenyl-4-bora-3a,4a-diaZa-s-in 
dacene-3-propionic acid, 4,4-di?uoro-5,p-methoxyphenyl 
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6 
4-bora-3a,4a-diaZa-s-indacene-3-propionic acid, 4,4-dif 
luoro-5-styryl-4-bora-3a,4-adiaZ-a-S-indacene-propionic 
acid, 6-carboxy-X-rhodamine, N,N,N',N'-tetramethyl-6-car 
boxyrhodamine, TEXAS RED, eosin, 4,4-di?uoro-5,7 
diphenyl-4-bora-3a,4a-diaZa-s-indacene-3-propionic acid, 
4,4-di?uoro-5,p-ethoxyphenyl-4-bora-3a,4a-diaZa-s-in 
dacene 3-propionic acid and 4,4-di?uoro-5-styryl-4-bora 
3a,4a-diaZa-S-indacene-propionic acid, BOTHEL BLUE, 
REDMOND RED, YAKIMAYELLOW; radiolabels such as 
32p; binding moieties such as biotin and minor groove 
binders (MGBs) such as distamycin and CC-l065 (Epoch 
Biosciences, Redmond Wash.); haptens such as digoxgenin; 
luminogenic, phosphorescent or ?uorogenic moieties; and 
?uorescent dyes alone or in combination With moieties that 
can suppress or shift emission spectra by ?uorescence 
resonance energy transfer (FRET). Labels comprise moi 
eties that quench ?uorescence or other energy emissions, 
“quenchers”), including but not limited to dabcyl, QSY7 
(Molecular Probes, Eugene, Greg), and ECLIPSE quench 
ers (Synthetic Genetics, San Diego, Calif.). Labels may 
provide signals detectable by any means, including but not 
limited to, ?uorescence, radioactivity, colorimetry, gravim 
etry, X-ray diffraction or absorption, magnetism, effects of 
mass (e.g., rotation, time-of-?ight, etc), enZymatic activity, 
and the like. A label may be detected in any fashion, 
including but not limited to, by use of the unaided senses 
(e.g., by smell, sound, visual effect, etc.), by an instrument 
(eg a camera, ?uorimeter, charge-coupled device, scintil 
lation counter, polarimeter, spectrometer, etc.) or a reactive 
medium (X-ray or camera ?lm, pH indicator, etc.), that can 
convey to a user or to another component of a system (e.g., 
a computer or controller) the presence of a signal or effect. 
Such detection may comprise detection of ultraviolet, visible 
or infrared light, including ?uorescence or chemilumines 
cence; a radiation; a spectroscopic effect such as nuclear 
magnetic resonance, mass (e.g., by spectrometry) or surface 
enhanced Raman effects or plasmon resonance. A label may 
be a charged moiety (positive or negative charge) or alter 
natively, may be charge neutral. Labels can include or 
consist of a nucleic acid or protein sequence, so long as the 
sequence is detectable. 
As used herein, the term “nucleic acid molecule” refers to 

any nucleic acid-containing molecule, including but not 
limited to, DNA (single and double-stranded), RNA (single 
and double-stranded), and peptide nucleic acid (PNA). The 
term encompasses sequences that include any of the knoWn 
base analogs of DNA and RNA. 
As used herein, the term “base analog” includes any of the 

knoWn base analogs of DNA and RNA bases, including, but 
not limited to, 4-acetylcytosine, 8-hydroxy-N6-methylad 
enosine, aZiridinylcytosine, pseudoisocytosine, 5-(carboxy 
hydroxylmethyl) uracil, 5-?uorouracil, 5-bromouracil, 
5-carboxymethylaminomethyl-2-thiouracil, 5-carboxym 
ethyl-aminomethyluracil, dihydrouracil, inosine, N6-iso 
pentenyladenine, l-methyladenine, l-methylpseudouracil, 
l-methylguanine, l-methylinosine, 2,2-dimethylguanine, 
2-methyladenine, 2-methylguanine, 3-methylcytosine, 
5-methylcytosine, N6-methyladenine, 7-methylguanine, 
5-methylaminomethyluracil, 5-methoXyaminomethyl-2 
thiouracil, beta-D-mannosylqueosine, 5'-methoxycarbonyl 
methyluracil, 5-methoxyuracil, 2-methylthio-N-6-isopente 
nyladenine, uracil-5-oxyacetic acid methylester, uracil-5 
oxyacetic acid, oxybutoxosine, pseudouracil, queosine, 
2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiou 
racil, 5-methyluracil, N-uracil-5-oxyacetic acid methylester, 
uracil-5-oxyacetic acid, pseudouracil, queosine, 2-thiocy 
tosine, and 2,6-diaminopurine. The term also includes modi 



US 7,297,780 B2 
7 

?ed or non-naturally occurring bases such as 7-deaZa 
purines (e.g., 7-deaZa-adenine and 7-deaZa-guanine); bases 
modi?ed, for example, to provide altered interactions such 
as non-standard basepairing, including, but not limited to: 
lsoC, lso G, and other modi?ed bases and nucleotides 
described in US. Pat. Nos. 5,432,272; 6,001,983; 6,037, 
120; 6,140,496; 5,912,340; 6,127,121 and 6,143,877, each 
of Which is incorporated herein by reference in their entire 
ties; heterocyclic base analogs based no the purine or 
pyrimidine ring systems, and other heterocyclic bases. 
Nucleotide analogs include base analogs and comprise 
modi?ed forms of deoxyribonucleotides as Well as ribo 
nucleotides. 

The term “peptide nucleic acid” (“PNA”) as used herein 
refers to a molecule comprising bases or base analogs such 
as Would be found in natural nucleic acid, but attached to a 
peptide backbone rather than the sugar-phosphate backbone 
typical of nucleic acids. The attachment of the bases to the 
peptide is such as to alloW the bases to base pair With 
complementary bases of nucleic acid in a manner similar to 
that of an oligonucleotide. These small molecules, also 
designated anti gene agents, stop transcript elongation by 
binding to their complementary strand of nucleic acid 
(Nielsen, et al. Anticancer Drug Des. 8:53 63 [1993]). 
The term “adduct” is used herein in its broadest sense to 

indicate any compound or element that can be added to an 
oligonucleotide. An adduct may be charged (positively or 
negatively) or may be charge-neutral. An adduct may be 
added to the oligonucleotide via covalent or non-covalent 
linkages. Examples of adducts include, but are not limited 
to, indodicarbocyanine dye amidites, amino-substituted 
nucleotides, ethidium bromide, ethidium homodimer, (1,3 
propanediamino)propidium, (diethylenetriamino)pro 
pidium, thiaZole orange, (NiN'-tetramethyl-1 ,3 -propanedi 
amino)propyl thiaZole orange, (NiN'-tetramethyl-1,2 
ethanediamino)propyl thiaZole orange, thiaZole orange 
thiaZole orange homodimer (TOTO), thiaZole orange 
thiaZole blue heterodimer (TOTAB), thiaZole orange 
ethidium heterodimer 1 (TOED1), thiaZole orange-ethidium 
heterodimer 2 (TOED2) and ?uorescein-ethidium het 
erodimer (FED), psoralens, biotin, streptavidin, avidin, etc. 

The term “gene” refers to a nucleic acid (e.g., DNA) 
sequence that comprises coding sequences necessary for the 
production of a polypeptide, precursor, or RNA (e. g., rRNA, 
tRNA). The polypeptide can be encoded by a full length 
coding sequence or by any portion of the coding sequence so 
long as the desired activity or functional properties (e.g., 
enZymatic activity, ligand binding, signal transduction, 
immunogenicity, etc.) of the full-length or fragment are 
retained. The term also encompasses the coding region of a 
structural gene and the sequences located adjacent to the 
coding region on both the 5' and 3' ends for a distance of 
about 1 kb or more on either end such that the gene 
corresponds to the length of the full-length mRNA. 
Sequences located 5' of the coding region and present on the 
mRNA are referred to as 5' non-translated sequences. 
Sequences located 3' or doWnstream of the coding region 
and present on the mRNA are referred to as 3' non-translated 
sequences. The term “gene” encompasses both cDNA and 
genomic forms of a gene. A genomic form or clone of a gene 
contains the coding region interrupted With non-coding 
sequences termed “introns” or “intervening regions” or 
“intervening sequences.” lntrons are segments of a gene that 
are transcribed into nuclear RNA (hnRNA); introns may 
contain regulatory elements such as enhancers. lntrons are 
removed or “spliced out” from the nuclear or primary 
transcript; introns therefore are absent in the messenger 
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8 
RNA (mRNA) transcript. The mRNA functions during 
translation to specify the sequence or order of amino acids 
in a nascent polypeptide. 
The term “Wild-type” refers to a gene or gene product 

isolated from a naturally occurring source. A Wild-type gene 
is that Which is most frequently observed in a population and 
is thus arbitrarily designed the “normal” or “Wild-type” form 
of the gene. In contrast, the term “modi?ed” or “mutant” 
refers to a gene or gene product that displays modi?cations 
in sequence and or functional properties (i.e., altered char 
acteristics) When compared to the Wild-type gene or gene 
product. It is noted that naturally occurring mutants can be 
isolated; these are identi?ed by the fact that they have altered 
characteristics (including altered nucleic acid sequences) 
When compared to the Wild-type gene or gene product. 
As used herein, the term “oligonucleotide,” refers to a 

short polynucleotide chain. Oligonucleotides are typically 
less than 200 residues long (e.g., betWeen 15 and 100), 
hoWever, as used herein, the term is also intended to 
encompass longer polynucleotide chains. Oligonucleotides 
are often referred to by their length. For example a 24 
residue oligonucleotide is referred to as a “24-mer”. Oligo 
nucleotides can form secondary and tertiary structures by 
self-hybridizing or by hybridiZing to other polynucleotides. 
Such structures can include, but are not limited to, duplexes, 
hairpins, cruciforms, bends, and triplexes. 
As used herein, the term “synthetic oligonucleotide” 

refers to an oligonucleotide that is chemically synthesiZed, 
e.g., from precursors such as phosphoramidites. Synthetic 
oligonucleotides may be produced using a number of syn 
thesis chemistries, including but not limited to phosphora 
midite chemistry and phosphite-triester chemistry. 
As used herein, the terms “complementary” or “comple 

mentarity” are used in reference to polynucleotides (i.e., a 
sequence of nucleotides) related by the base-pairing rules. 
For example, the sequence “5'-A-G-T-3',” is complementary 
to the sequence “3'-T-C-A-5'.” Complementarity may be 
“partial,” in Which only some of the nucleic acids’ bases are 
matched according to the base pairing rules. Or, there may 
be “complete” or “total” complementarity betWeen the 
nucleic acids. The degree of complementarity betWeen 
nucleic acid strands has signi?cant effects on the ef?ciency 
and strength of hybridiZation betWeen nucleic acid strands. 
This is of particular importance in ampli?cation reactions, as 
Well as detection methods that depend upon binding betWeen 
nucleic acids. Either term may also be used in reference to 
individual nucleotides, especially Within the context of 
polynucleotides. For example, a particular nucleotide Within 
an oligonucleotide may be noted for its complementarity, or 
lack thereof, to a nucleotide Within another nucleic acid 
strand, in contrast or comparison to the complementarity 
betWeen the rest of the oligonucleotide and the nucleic acid 
strand. Nucleotide analogs used to form non-standard base 
pairs, Whether With another nucleotide analog (e.g., an 
lsoC/lsoG base pair), or With a naturally occurring nucle 
otide (e.g., as described in US. Pat. No. 5,912,340, herein 
incorporated by reference in its entirety) are also considered 
to be complementary to a base pairing partner Within the 
meaning this de?nition. Further, When nucleotides are 
knoWn to form pairs With multiple different bases, e.g., lsoG 
nucleotide ability to pair With lsoC and With T nucleotides, 
each of the bases With Which it can form a hydrogen-bonded 
base-pair falls Within the meaning of “complementary,” as 
used herein. “Universal” bases, i.e., those that can form base 
pairs With several other bases, such as the “Wobble” base 
inosine, are considered complementary to those bases With 
Which pairs can be formed. 






















